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PART II

Iowa State University
Ames

(This article is the concluding section of
a two--part article. The first half, published in the February Journal included a
discussion of earth processes and minerals. )

ROCKS
A rock is a material which forms an
essential part of the earth's crustThere are no specific characteristics
which apply to all rocks- However, it
is possible to recognize some characteristics which apply to most rocks.
Most rocks are aggregates of mineral
particles.
In general, a rock is solid--or shows
some degree of induration-but this
may be very slight.
In most rocks, more than 75 percent of
the particles are of no more than three
minerals.

The limitation of these and other
generalizations about rocks will become evident in what follows.
Types of Rocks

There are three major types of
rocks. In general, there is an adequate
basis for a clear separation of these
types- However, one can discover
rocks which have characteristics intermediate between the major types.
Sedimentary rocks are those rocks composed of sediment deposited after transport. The formation of sediment, its
transportation and deposition, are results of the process of gradation.
Igneous rocks are those which have
solidified from a molten state. These
are produced by the process of volcanism.
Metamorphic rocks are those which re-

suit from the transformation of igneous
or sedimentary rocks by conditions of
high temperature and pressure, with or
without the aid of solutions. The major
source of heat is masses of molten material in the crust; the pressure is related to diastrophism; and, the solutions
are mainly water present in the rock.

Over most of the continental areas,
the solid bedrock immediately below
the loose surface material is sedimentary rock- However, these sedimentary rocks form only a thin veneer
averaging no more than a few thousands of feet in thickness- Where
there are no sedimntary rocks, the
surface bedrock is predominantly
igneous and metamorphic- E v er y where beneath the veneer of sedimentary rocks lie rocks which are
predominantly igneous- At least 95
percent of the earth's crust is composed of igneous rocks.
Sedimentary Rocks

The transformation of material to
produce rocks starts with weathering,
the origin of sediments. Because sediments must form from older rocks,
and since metamorphic rocks were
first either igneous or sedimentary, it
follows that the ultimate source of all
sediments must be igneous rocksWeathering is divided into two
more or less distinct processes:
Disintegration: the breaking of the original rock into pieces without notable
chemical or mineralogical change. This
may be caused by:
a) expansion or contraction; b)
crushing by diastrophism ; c) wedg•
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ing a ction of ice or plants ; d ) g ravity; and, e) abr asion during t r a ns port
by st r eams, glaciers, etc.

13

Decompos ition: t he chemical alteration
of minerals t o produce new minerals,
plus certain soluble compounds. The
various silicate minerals show diffe ren t
degrees of resistance to chemical de·
composition under the conditions prevailing at the earth's surface.

aluminum silicates. The most abundant hydr olyzat es are t he clay min·
erals .
3: Oxida t es---oxides of iron.
4. Soluble compounds-various compounds, but mainly carbonates of
sodium, calcium, and magnesium.
Note that much of the potassium
goes into the clay minerals and is
not r emoved in solution.

Decomposition results 41 a number

Among the sedimentary rocks: shale

Hydroxyl group
Aluminum atom

Si04 tetrahedrons

Atomic model of a clay mineral. Note the vertical repetition of units (sandwiches) of aluminum and hydroxyl groups between sheets of Si04 tetrahedra.
These units are held together (weakly) by potassium atoms. Courtesy, Earth
Science Curriculum Project.

FIG. 3. -

of products which m ay be grouped as
follows:
1. Resistates- grains of those minerals
which are resistant to chemical decomposition. Quartz is the most re,
sistant of the abundant minera ls.
There are, however , a number of
minor minerals which are almost
equally r esistant. When decomposition is not complete, there may be
unaltered grains of other abundant
minerals, such as feldspars.
2. H ydrolyzates - t he hydroxides o f
aluminum and iron, and the hydrous

comprises 60 to 80 percent; sandstone
15 to 25 percent; and, limestones and
dolomites 5 to 15 percent.
The distinctive features of the sedimentary rocks is that they occur in
layers- Layers of sedimentary rock
are referred to as "beds" or "strata"
(singular, "stratum") . When deposited, the beds are horizontal-or nearly
so. Usually a given bed is pure sand
(sandstone) , a mixture of clay and
silt (shale), or entirely carbonates
(limestone or dolomite) . Commonly,

IOWA SCIENCE TEACHfRS' JOURN·A1

14

are generally considered to be an essential element in the evolution of a
continent.
Natural History of A Mountain Range

The events which comprise the natural history of a m ountain range extend over an extremely long interval
of time. Evidence indicates that in
each revolution, and in most disturbances, the sequence of events w er e
contemporaneous on all of the continents- This indicates that the processes involved are world-wide; in
oher words, these are planetary processes. In fact , these processes involve
transformations in the material beneath the crust. It is possible that
even the deep interior of the earth,
excepting p erhaps the core, is involved in some phases of mountain-building.
The sequence of events may be
summarized as follows :
1. A long interval of deposition of sedim ents, mainly in shallow epicontinental seas.
2. Orogenic diastrophism which produces the folding and faulting of the
sedimentary rocks .
3. Volcanism , both intrusive and extrusive.
4. Epeirogenic uplift of the whole deformed area to produce hig h mountains.
5. A period of prolonged erosion which
reduces the mountain area to a region of moderate to low relief.

There may be some overlap of the
various phases in time; but, in most
instances, each is more or less distinctDepositional phase: The marginal
epicontinental seas of the Paleozoic
and Mesozoic eras were typically long
narrow sea ways. During much of the
time, eroding land areas separated
these seas from the ocean basin.
The sediments accum u 1 a t e d t o
thicknesses of thousands, or even tens
of thousands, of feet- The following
types of evidence indicate that the
great bulk of these sediments were

deposited in shallow sea water1. Most formations contain abundant
fossils of marine animals which live
in shallow water.
2. Sedimentary structures, such as rupple marks, cross-la mination, a nd mud
cracks, occur in suitable rock
throughout the sequence.
3. Non-mar ine formations and unconfor mities a re of more or less frequent occurrence throughout the
sequencP.. These indicate that a number of times the sedimentary surface
was above sea level.

The long, narrow, epicontinental
seas along the continental margins
are of a special type- In these areas,
the earth's crust was more or less continuously subsiding during the period
of deposition. The rate of subsidence
must have been essentially equal to
the rate of deposition of sediments.
These subsiding elongate troughs.
occupied by epicontinental seas and
receiving abundant sediments, are
called "geosynclines-" Geologically,
it is possible to say that great mountain ranges invariably occur in areas
which were formerly geosynclines- It
appears to be equally certain that today's geosynclines are the sites of
tomorrow's mountains.
It is desirable to appreciate the
magnitude of geosynclines and to be
able to think of them in true scale.
Orogenic phase: This marks the
close of the depositional, or geosynclinal phase and is the phase during
which typical mountain structures
are produced.
The dominant effect is that of compression. The sedimentary sequence
is thrown into a series of anticlines
and synclines, plus more or less faulting- Reverse and overthrust faults are
especially significant in most mountain ranges- The net effect suggests
that the sedimentary rocks have been
squeezed between the jaws of a gigantic vise. The horizontal shortening
across the folded belt is measured in
tens of miles. However, the geologic
evidence indicates that this compression does not result in a high, rugged

85
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The Petrogenic Cycle
Sedimentary rocks represent an appropriate first phase of the petrogenic
cycle- The great bulk of all rock types
have, throughout geologic time, formed in long narrow belts along continental margins, and in a ty pical sequence of events- The sequence of
events in these belts comprises the
natural history of mountain ranges.
It is also significant that these belts

however, a bed of sedimentary rock
consists of a mixture of sand, silt clay,
and carbonates, or some of t hese. One
might find rocks repre sen t ing almost
every possible mixture- A bed may
show a transition in composition to
the beds below and above, or they
may be separated by sharp breaks in
composition. In many instances, a
single bed may show horizontal transition from one rock type to another.
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FIG. 4. -- The hydrologic and petrogenic cycles. Courtesy, Earth Scienc e Curriculum
P r oject.
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mountain range. The deformation occurs without major vertical uplift.
Here, again, it is desirable to consider these processes and effects to
scale. What are the necssary consequences of the lack of great vertical
uplift? What are the possible causes
of the horizontal compression?
Volcanic phase: In th
typical
mountain range, the folded belt is invaded by batholithic masses of granite during the latter part of, or immediately following , the main orogen ic phase- At about the same time .
or slightly later, extrusive volcanism
(basaltic ) also occurs.
This r elation of volcanism to orog nic diastrophism in time and space
is of special si g nificance in creology.
It means, first of all, that the ultim ate
caus of both processes may be more
or less closely rel ated- Furthermore,
both volcanism and diastrophism ar e
planetary processes which occ ur contemporan eo usl y on all land masses.
Finall y, an y adequate xplanation of
one may also explain the other; but,
in any event, an xplanation of one
m ust be c n sistent with an adequate
explanation of t he oth er. I n seeking
an explanation for these processes,
the g ologist is forced into speculation
about chemical a nd thermal conditions in the de per crust, and in the
earth's interior.
This relationship of orogeny and
volcanism does explain th observed
fact that metam orphi sm is a process
intimately associated with mountainbuilding.
Some attention should be given
here to the significant facts and speculations involvedEpeirogenic uplift: This phase produces the actual elevation of the
mountain ran ge. The mechanics of
this phase must be consistent with
that employed in orogeny and volcanism .
Phase of e rosion: The history of ancient mountain systems indicate that,
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with time, the region is reduced by
erosion to an area of moderate to low
relief. All of the agents of gradation
are involved at one time or another
during the process- Streams are the
agent which must eventually remove
the sediment and deposit it elsewhereThe sediments removed from the
mountainous area, like the great bulk
of all sediment, will be deposited in
geosynclines. Thus, the destruction of
one mountain system provides much
of the material for the d epositional or
geosynclinal phase of mountain
ranges yet to come.
The sequence of events, and the
processes in volved , in the natural history of mountain ranges serve to illustra te the essen tial unity and cyclic
relationships of gradation , volcanism,
and diastrophism - The whole cycle
may be summarized as follows:
1 J Great mounta in ran ges occupy a ri-as
formerly occupied by geosynclines.
2 J Today's geosynclines are the sites 0f
tomorrow 's mountain r a nges.
3J To day's mountains provide the sedim ent for today's geosynclines.
4 ) Orogenic diast rophism is restricted
to ar eas of geosynclinal accumulation of sedim ents.
5 l Vol canism , both intrusive and extrusive, occurs in close time a nd space
r ela tion ship to orogenic diastrophism.
6 J R g ion al m tamorphism occurs duri1 ;g th e orogenic-volcanic p hase of
mountain -building.
7 l Diastrophism , orogeny ( and accomp anying epeirogeni c uplift ), a nd vol ca n ism prevent complete gradation
of th e la nd areas.
8J Gradation produces the sed imentary
rocks which form th e prelude to
further diastrophism and volcani sm.

Igneous Rocks

The existence of scores of active
volcanoes is clear evidence that, at
least locally and temporarily, there is
within the crust considerable molten
rock material- When the lava pours
out on the earth 's surface, it solidifies
to form a solid rock in a period of
h ours or, at most, a few days. Once
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solid and cold, the rocks can be studied in detail.
Observations of volcanoes provide
considerable information about the
nature of igneous magmas.
1) Magmas are mainly molten silicate

materials.
2) There is some degree of atomic or•
ganization, even in he molten state.
3) Large volumes of lava show remarkable uniform chemical composition.
4) Magma is capable of rapid crystal•
lization into distinct minerals. The
composition of the individual min•
eral grains and the relative amounts
of the various minerals will be uni•
form throughout the rock.
5) Magma contains considerable water
and other chemicals which are vola•
tile at high temperatures.

The magma which emerges as lava
flows at volcanoes must come from
subsurface reservoirs- One might
logically expect that . some magna,
perhaps most of it, would cool and
crystallize in the subsurface reservoirs- These igneous rocks could not
be observed at the surface until erosion had removed the overlying rock.
Intrusive igneous rocks should
show various evidence of their rela-

tionship to extrusive rocks1. They should show evidence of having
once been in fluid state.
2. They should show evidence of having
been very hot.
3 . They should show chemical and mineralogical similarities to extrusive
rocks.
4. Because they should have cooled
more slowly, the individual grains of
the minerals should be larger.
5. There should be evidence of the presence of water and other volatile
compounds.

In many areas where there has been
deep erosion, the most abundant rocks
show adequate evidence in all respects. These rocks, then, are the intrusive igneous rocksIt was indicated above that the
most abundant extrusive igneous rock
is basalt- The most abundant intru•
sive rock is granite. Basalt is at least
50 times as abundant as all other
extrusives combined- Granite is more
than 20 times as abundant as all other
intrusive rocks combined- Otherwise,
the chemical and mineralogical character of the igneous rocks is as varied
in one occurrence as in the other.
Tables 1 and 2, and figure 5 summar-
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FIG. 5. - The cha r act eri sti c mine r als of the ign eous rocks. Shaded areas re pr esent
t he two most abu nda n t r ocks, basaltic ( mainl y extrusive ) a nd gr an itic ( mainly
intrusiv e) . Note the clea r contrast in min eral composition of these two rocks.
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ize some of the chemical and mineralogical characteristics of the igneous rocks- An explanation for the
contrast in chemical and mineralogic
composition between the dominant
extrusive (basaltic) rocks and the
dominant intrusive (granitic) rocks is
a continuing problem in petrology.
The transformation of rock material to form the igneous rock includes
the following phases:
1. The origin of magma from previously solid rocks.
2. ThP. movement of magma toward, or
to, the earth's surface.
3. C1-yst2llization of the magma to form
new rocks.

Detailed studies of the chemical and
mineral composition, the occurrence,
and tex ture of the igneous rocks provide an adequate basis for an understanding of the last two phases. However, the cold rocks provide very little evidence on the origin of the magma, Several factors in the origin of
magma may be indicated here-

1. It is a process which occurs beJow
the earth's surface.
2. It requires a source of abundant
heat.
3. Volcanic activity, and other manifestations of volcanism, are associated
with mountain regions. This relationship appears to be significant in any
speculation on the origin of magma.

Metamorphic Rocks
Much of the information on the formation of igneous and sedimentary
rocks can be gotten by direct observation of the processes- It is not possible to observe the processes of metamorphism- Here the evidence must
all be indirect. Field evidence demonstrates the major aspects of the processes.
In deeply eroded volcanoes, it is
possible to observe the changes in
sedimentary rocks adjacent to the
solidified conduit- These rocks, near
the igneous rock, are harder and of
different mineral composition than
the same strata a short distance away-

TABLE 1: Average chemical and mineral
igneous rock.
CHEMICAL COMPOSITION
Oxide

Weight%

composition

of

the

average

MINERAL COMPOSITION
Mineral

Weight

SiO2

59.12

(K-Na) Feldspar

31.0

Al2 0s

15.34

(Na-Ca) Feldspar

29.2

Fe2O3

3.08

Quartz

12.4

FeO

3.80

Augite

12.0

CaO

5.08

Biotite

3-8

N~O

3.84

Olivine

2.6

H 2O

3.13

Hornblende

1.7

MgO

3.49

Muscovite

1.4

J½O

1.15

Iron oxides

4.1

TiO2

1.05

Others

1.8

P2O.5

0.03

%
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TABLE 2: Average chemical and mineral composition of the most abundant igneous rocksGRANITE
Chemical

B ASALT

Chemical

Mineral

Si0 2

70.18%

Quartz

Al 20 3

14.47

K Feldspar

Mineral

S iO2

49 .06 % ( Ca N a) Feldspar

40

Al2O 3

15.70

Augite

29

26

F e2O 3

5.38

Olivine

9

Oxides

4

25 %

Fe 2 o 3

1.57 (NaCa) F eldspar

FeO

1.78

Biotite

5

FeO

6.37

CaO

1.99

Hornblende

1

CaO

8.95

Na2 o

3.48

Oxides

3

Na 20

3.11

~o

4.11

K2O

1.52

Mg O

0.88

MgO

6.17

T iO2

0.39

TiO2

1.36

H 2O

0.84

H2 O

1.62

P2O5

0.19

P 2O5

0.45

However, the bulk chemical composit ion of the rock shows no change. The
r ock has been hardened and the miner als changed by the heat of the magma. Where dikes cut across coal beds,
we find natural coke adjacen t to the
dike. Where ign eous rocks are intruded into sedimentary r ocks, t h e shale
is changed to a rock not unlike a
brick; limestones are changed to marble; but sandstones a re not appreciably changed In mountaineous areas where the
sedimentary strata have b een folded ,
it is common to find that some rocks
have been changed- The amount of
change usually shows a direct relation to the intensity of the folding.
The changes are also more noticeable
in some rocks than in others. Where
batholiths have been intruded into
the folded sedimentary rocks, the observed changes are even gr eater.
These observed changes are in a tex•
ture and mineral composition of the
rocks- The bulk chemical composition

58%

has not been changed .
These changes ar e interpreted to be
the result of t r ansformation of the
minerals in the solid state. Th e corr elation of the changes with the degr ee
of deformation and the near ness to
large igneous intrusions suggests that
pressure and heat are the p r imary
causes of the transformations.
The dominant characteristics of the
metamorphic rocks are:
1. T hey s how a laminated or ba nded
structure . Only rocks composed of
pure qua rtz (sandstone ) or pure carbonates (limestone) fail to show distinct lamination .
2. The mineral grains s how marked prefe rred o r ienta tion . Platy mineral~
are a r rang ed with the plates paralle l ; needle-like grains all lie in the
same plane. In some rocks, the sialic
and f emag minerals are s epara ted
into a lterna ting, discontinuous layers.
3. The minerals are predominantly silicates. In any rock , the number of
mine r a ls will be s mall.

